Endogenous and synthetic inhibitors of the Src-family protein tyrosine kinases.
Src-family kinases (SFKs) are protooncogenic enzymes controlling mammalian cell growth and proliferation. The activity of SFKs is primarily regulated by two tyrosine phosphorylation sites: autophosphorylation of a conserved tyrosine (Y(A)) in the kinase domain results in activation while phosphorylation of the regulatory tyrosine (Y(T)) near the C-terminus leads to inactivation. The phosphorylated Y(T) (pY(T)) engages in intramolecular interactions that stabilise the inactive conformation of SFKs. These inhibitory intramolecular interactions include the binding of pY(T) to the SH2 domain and the binding of the SH2-kinase linker to the SH3 domain. Thus, SFKs are active upon (i) disruption of the inhibitory intramolecular interactions, (ii) autophosphorylation of Y(A) and/or (iii) dephosphorylation of pY(T). Since aberrant activation of SFKs contributes to cancer, SFKs in normal cells are kept inactive by multiple endogenous inhibitors classified as catalytic and non-catalytic inhibitors. The catalytic inhibitors include C-terminal Src kinase (CSK) and CSK-homologous kinase (CHK) that phosphorylate Y(T) of SFKs, as well as the protein tyrosine phosphatases that dephosphorylate pY(A) of the activated SFKs. The non-catalytic inhibitors inactivate SFKs by direct binding. CHK is unique among these inhibitors because it employs both catalytic and non-catalytic mechanisms to inhibit SFKs. Other known non-catalytic inhibitors include WASP, caveolin and RACK1, which function to down-regulate SFKs in specific subcellular locations. This review discusses how the various endogenous SFK inhibitors cooperate to regulate SFKs in normal cells. As chemical compounds that can selectively inhibit SFKs in vivo are potential anti-cancer therapeutics, this review also discusses how investigation into the inhibitory mechanisms of the endogenous inhibitors will benefit the design and screening of these compounds.